ABSTRACT Preimaginal development and reproduction of the predatory lacewing Dichochrysa prasina Burmeister (Neuroptera: Chrysopidae) when its larvae had access at different nymphal numbers of the aphid Myzus persicae (Sulzer) (Hemiptera: Aphididae) were studied under laboratory conditions at 25 Ϯ 1ЊC and a photoperiod of 16:8 (L:D) h. Preimaginal development decreased from 46.0 to 31.6 d for females and from 41.4 to 31.5 d for males, with an increase in the number of available aphids from Þve to 110 nymphs of M. persicae per larva of D. prasina. Preimaginal survival ranged from 55.8% at the lowest to 86.0% at the highest aphid numbers. Prey consumption by D. prasina larvae increased with an increase in aphid numbers, with the third instar being the most voracious. Longevity of D. prasina females ranged from 38.2 to 54.5 d, and total egg production ranged from 59.2 to 369.7 eggs per female at the lowest and highest prey numbers tested, respectively. The estimated values for the intrinsic rate of increase (r m ) were affected by prey availability and the highest r m (0.0838) was recorded at the highest prey number tested. Based on the results of the current study, it is likely that D. prasina can develop and reproduce either at high or low density aphid populations in the Þeld, and effectively suppress them.
The predatory lacewing Dichochrysa prasina Burmeister (Neuroptera: Chrysopidae) is an abundant cosmopolitan species (Sé mé ria 1984, Dong et al. 2004 , Canard et al. 2007 ). In Greece, it has been recorded in several orchard, vegetable, and Þeld crops (Canard and Laudé ho 1977 , Santas 1984 , Souliotis and Broumas 1994 , Thierry et al. 2005 . Periodic samplings in commercial peach (Prunus spp.) orchards of northern Greece for 4 yr (2003Ð2007) revealed that D. prasina was the most abundant chrysopid predator (D.S. K. et al., unpublished data) . Laboratory studies have documented the polyphagous habits of its larval instars as well as the high nutritional value of the green peach aphid as prey during larval development (Pappas et al. 2007 (Pappas et al. , 2008 . The larvae of D. prasina are trash-carriers carrying packets of trash on their dorsa, which may protect them from their natural enemies (Principi 1956 , Eisner et al. 1978 .
The green peach aphid, Myzus persicae (Sulzer) (Hemiptera: Aphididae), is a serious pest causing economic injury to many crop plants Eastop 1984, Wellings et al. 1989) . Furthermore, there are numerous studies showing the development of resistant populations to almost all major insecticide classes (Devonshire et al. 1998) . Integrated pest management (IPM) strategies use conservation or inundative release of biological control agents as an economically efÞcient and ecologically sound alternative to conventional chemical control of aphid populations. The integration of natural enemies such as chrysopid species in pest management strategies decreases application of frequently used insecticides and thus delays the development of pesticide resistance.
Several aphid species comprise a valuable food source for larvae of D. prasina (Pappas et al. 2007 ); adults do not prey on aphids and feed mainly on honeydew and pollen (Bozsik 1992 (Bozsik , 2000 . Among various different aphid species, M. persicae was proven the most suitable prey for the development and reproduction of D. prasina when offered as a surplus of third and fourth instars (Pappas et al. 2007 ). Food supply during larval development is known to affect fecundity in several chrysopid species such as Chrysoperla carnea (Stephens) (Principi and Canard 1984 , Zheng et al. 1993 , Athhan et al. 2004 . We assumed that not only the quality but also the availability of prey during larval development may impose a limiting factor for the population dynamics and predation efÞ-ciency of D. prasina. Scarcity of aphid prey may adversely affect larval survival, developmental rate, and the future reproductive potential of adults.
The aim of the current study was to evaluate the effect of prey availability during larval development on the preimaginal developmental rate, adult emer-gence, and reproduction of D. prasina. The results of the current study may be useful to understand the effect of aphid population densities on the population dynamics and predation efÞciency of D. prasina.
Materials and Methods
Insect Rearing. The stock colony of D. prasina was established with adults collected by hand net from a peach orchard at the campus of the Aristotle University of Thessaloniki (northern Greece). Females and males were sexed according to their genitalia, as described by Barnard (1984) . Subsequently, they were paired by opposite sex and maintained in cylindrical plastic cages at 25 Ϯ 1ЊC and a photoperiod of 16:8 (L:D) h, as described by Pappas et al. (2007) . The stock colony of M. persicae was maintained on potted radish, Raphanus sativus L., plants in an insectary at 25 Ϯ 1ЊC and a photoperiod of 16:8 (L:D) h. All experiments were conducted at 25 Ϯ 1ЊC, 60 Ð70% RH, and a photoperiod of 16:8 (L:D) h, with Þrst-generation offspring of the Þeld-collected adults.
Effect of Prey Availability on Preimaginal Development and Survival. For the experiments, eggs laid by the Þeld collected females were maintained singly in Eppendorf tubes at 25 Ϯ 1ЊC and a photoperiod of 16:8 (L:D) h. The eggs were inspected daily, and the newly hatched larvae were transferred individually to petri dishes (5.5 cm in diameter; Ϸ50 cm 2 ) together with a certain number (5, 10, 20, 60, and 110) of thirdand fourth-instar nymphs of M. persicae. To ensure proper ventilation inside the dishes, a hole (1.5 cm in diameter) was opened through the lid and covered by a piece of nylon tulle. For each treatment, 45 newly hatched larvae of D. prasina were used, each considered to be an individual replicate in the data analysis. Individuals lost or accidentally injured because of improper handling during preimaginal development were excluded from data analysis. All dishes were inspected daily and the total number of dead aphids found in the dishes and on larval dorsa, the developmental stage, and survival of the lacewing larvae were recorded. The number of the aphid carcasses on larval dorsa was counted after gently removing them with the help of a hair camel brush. Dead aphids were considered as being consumed or fatally injured by developing larvae. This was justiÞed by the fact that in the absence of lacewing larvae, the aphidsÕ mortality was very low. The appropriate number of aphid nymphs from the laboratory colony was then added.
Effect of Prey Availability on Adult Longevity and Fecundity. Newly emerged females and males when during their larval development had access to various numbers of aphid nymphs were paired and maintained in cylindrical plastic cages at 25 Ϯ 1ЊC and a photoperiod of 16:8 (L:D) h. The number of eggs laid by each female, egg hatching, and survival were recorded daily, throughout adult life, as described by Pappas et al. (2007) .
Demographic Parameters. Life and fertility table parameters were estimated by combining data from the preimaginal development and adult survival and reproduction experiments at different prey numbers, as described by Wang and Tsai (2001) . The intrinsic rate of increase (r m ) was calculated by iteratively solving the equation given by Birch (1948) :
where l x is the proportion of females surviving to age x, and m x is the mean number of female progeny per adult female at age x. The Jacknife procedure was used to estimate a standard error for the r m values at different treatments (Meyer et al. 1986 ). The r m values were compared by StudentÐNewmanÐKeuls test (Sokal and Rohlf 1995) , as described by Broufas and Koveos (2001) . Further data analysis was used to calculate the net reproductive rate (R 0 ϭ ⌺l x m x , number of female offspring produced per female), mean generation time (T ϭ lnR 0 /r m, in days), doubling time (DT ϭ ln2/r m , number of days required for the population to double), and Þnite capacity for increase ( ϭ e rm , number of times the population will multiply itself per unit of time) (Birch 1948, Southwood and Henderson 2000) .
Statistical Analysis. All statistics were performed using SPSS base 14.0 for Windows (SPSS, Inc. 2005) . Normality tests (for skewness and kurtosis) were used before data analysis on all data sets. Two-way analysis of variance (ANOVA) was used to evaluate the effect of prey number and sex (main factors) on total developmental time. Because both factors signiÞcantly affected developmental rate a further one-way ANOVA was used for both males and females and for each preimaginal developmental stage, respectively. After a signiÞcant difference, means were compared by StudentÐNewmanÐKeuls test. Before data analysis, log transformation of developmental time was used and homogeneity of variances was subsequently tested by LeveneÕs test. SigniÞcance levels for interpretation purposes were P ϭ 0.05 for all tests. Within each treatment, StudentÕs t-test was used to compare the log transformed data of total preimaginal developmental time between females and males. A chisquare test was used to compare the percentages of individuals completing preimaginal development (i.e., survival to adult stage) among the different prey numbers. The type I error was corrected using the Bonferroni method (Sokal and Rohlf 1995) .
Average female longevity and egg production among different treatments were compared using nonparametric statistics. Because variances were not homogenous and any transformation used failed to meet ANOVA requirements, a KruskalÐWallis nonparametric test was used, and means were subsequently separated by MannÐWhitney U test. A chisquare test was used to compare the percentages of egg-laying females between different prey numbers (Sokal and Rohlf 1995) .
Further analysis was used to assess the inßuence of prey consumption during larval development on the femaleÕs life history traits. Life span duration and total number of eggs laid by each female at different prey numbers tested were regressed against the respective cumulative number of aphid nymphs consumed during overall larval development.
KruskalÐWallis nonparametric test was used to evaluate the effect of prey availability on egg hatching because variances between treatments were not homogenous, and data arcsine transformation failed to meet ANOVA requirements.
Results

Effect of Prey Availability on Preimaginal
Development and Survival. Two-way ANOVA showed that daily prey availability (F ϭ 83.783; df ϭ 4, 133; P Ͻ 0.001) and sex (F ϭ 23.794; df ϭ 1, 133; P Ͻ 0.001) signiÞcantly affected mean total developmental time. With the exception of the femalesÕ pupal stage (F ϭ 1.424; df ϭ 4, 65; P ϭ 0.236) prey availability signiÞ-cantly affected the duration of each preimaginal developmental stage in females and males (females: Þrst instar F ϭ 15.928; df ϭ 4, 65; P Ͻ 0.001, second instar F ϭ 7.698; df ϭ 4, 65; P Ͻ 0.001, third instar F ϭ 161.248; df ϭ 4, 65; P Ͻ 0.001, prepupa F ϭ 6.157; df ϭ 4, 65; P Ͻ 0.001, and males: Þrst instar F ϭ 10.467; df ϭ 4, 68; P Ͻ 0.001, second instar F ϭ 6.664; df ϭ 4, 68; P Ͻ 0.001, third instar F ϭ 99.340; df ϭ 4, 68; P Ͻ 0.001, prepupa F ϭ 12.914; df ϭ 4, 68; P Ͻ 0.001, pupa F ϭ 5.565; df ϭ 4, 68; P Ͻ 0.001) ( Table 1 ). The increase of daily prey availability for each larva of D. prasina from Þve to 110 aphids resulted in a gradual and signiÞcant reduction in mean total preimaginal developmental time for both females (F ϭ 63.723; df ϭ 4, 65; P Ͻ 0.001) and males (F ϭ 28.645; df ϭ 4, 68; P Ͻ 0.001) ( Table 1) . Our results show that males developed faster and completed their preimaginal development in a signiÞ-cantly shorter period compared with females at almost all tested prey numbers (2.101 Յ t Յ 3.153; 21 Յ df Յ28; 0.005 Յ P Յ 0.045), although at the highest tested prey number the mean total developmental time did not differ signiÞcantly between females and males (t ϭ 0.066; df ϭ 35; P ϭ 0.948) ( Table 1 ).
The percentages of individuals that successfully completed their preimaginal development were also signiÞcantly affected by prey availability ( 2 ϭ 12.58; df ϭ 4; 2 0.05, 4 ϭ 9.49) ( Table 2 ). Percentages gradually increased from 55.8 to 73.2% with the increase in available prey number from Þve to 60 aphids even though these differences were not signiÞcant ( 2 ϭ 4.276; df ϭ 3; Table 2 ). The mean daily percentages of consumed versus available aphids during larval development for both females and males are shown in Fig. 1 . Five and 10 aphids per day should be considered as inadequate to cover daily food requirements of the Þrst and second instars of D. prasina females and males. Maximum mean daily prey consumption by each D. prasina larva ranged between 10 and 20, 20 and 60, and 60 and 110 aphids per day for the Þrst, second, and third instars of D. prasina, respectively (Fig. 1) . c Means within the last column between females and males and for each prey no. followed by the same uppercase letter are not signiÞcantly different (P Ͼ 0.05; t-test). a Initial number of eggs used in each treatment (individuals lost or accidentally injured due to improper handling during larval development, were excluded from data analysis).
b Percentages within a column followed by the same letter are not signiÞcantly different (P Ͼ 0.05; chi-square test).
c Number of individuals completing preimaginal development.
Effect of Prey Availability on Adult Longevity and Egg Production. Female adult longevity (
2 ϭ 42.26; df ϭ 4, 65; P Ͻ 0.001) and egg production ( 2 ϭ 12,608, df ϭ 4, 65; P Ͻ 0.05) were signiÞcantly affected by prey availability during larval development (Table 3 ). The age-speciÞc oviposition rates and survival of D. prasina at different prey numbers are shown in Fig. 2 . Female adult longevity ranged from Ϸ38 Ð54.5 d and average egg production from 59 to 369 eggs per female depending on the number of aphids during larval development. The percentages of egg laying females gradually increased from 54.4 to 90% at the lowest and highest prey numbers tested although this increase was not signiÞcant ( 2 ϭ 5.967; df ϭ 4, 2 0.05, 4 ϭ 9.49) ( Table 3) . Percentages of egg hatching for eggs laid by females reared on different aphid numbers ranged from 75.8 to 81.9% and did not differ signiÞcantly ( 2 ϭ 3.973, df ϭ 4, P ϭ 0.410) ( Table 3) .
The linear regression between D. prasina femaleÕs longevity and total prey consumption during larval development (Fig. 3) was signiÞcant (F ϭ 20.155; df ϭ 1, 69; P Ͻ 0.001) and Ϸ23% of the observed variation (r 2 ϭ 0.229) of femalesÕ life span could be attributed to the consumed aphids during larval development. A similar signiÞcant linear regression was also recorded between egg production (F ϭ 231.145; df ϭ 1, 69; P Ͻ 0.001) and aphid consumption with Ϸ77% (r 2 ϭ 0.773) of the recorded variation in total egg production related to the cumulative larval prey consumption (Fig. 3) .
Demographic Parameters. The effect of prey availability during larval development on the demographic parameters of D. prasina is shown in Table 4 . The esti- (Table 4) .
Discussion
Prey availability had a deÞnite positive effect on preimaginal developmental rate, survival, and reproduction of D. prasina. The effect of larval food on the fecundity and longevity of adults has been studied in several chrysopid species (Principi and Canard 1984 , McEwen et al. 1993 , Zheng et al. 1993 , Canard and Volkovich 2001 . The effect of prey availability on preimaginal life history traits have been reported for Chrysoperla carnea (Stephens) when fed on different numbers of Hyalopterus pruni (Geoffer) nymphs (Athhan et al. 2004 ) and for other aphidophagous predators such as coccinellids and anthocorids (Hodek and Honě k 1996, Butler and OÕNeil 2007) .
The adults of D. prasina feed mainly on honeydew and pollen (Principi and Canard 1984; Bozsik 1992 Bozsik , 2000 Canard 2001 ) and the egg production and longevity of females are strongly inßuenced by the prey species offered during preimaginal development (Pappas et al. 2007 ). In the current study, it was shown that certain biological traits such as longevity and egg production of D. prasina were affected by prey availability during larval development.
Prey consumption by D. prasina larvae increased with increasing available aphid numbers. Third instar was the most voracious compared with the other stages of D. prasina as it also occurs in Chrysopa perla (L.) fed on M. persicae and C. carnea on H. pruni nymphs (Principi and Canard 1984, Athhan et al. 2004 ). In our study, prey consumption was estimated by scoring the number of aphid carcasses which were considered as consumed by predatorÕs larvae. Therefore, we included in our estimation possible incidences of partially and/or accidentally killed prey which may have led to an overestimation of the actual prey consumption. A more precise way for measuring food consumption could be the estimation of the consumed prey biomass, as suggested by Principi and Canard (1984) and Hodek and Honě k (1996) .
Larvae of D. prasina were observed to spend time searching for discarded prey items (ÔtrashÕ) and placing them on their dorsal surface (D.S. K. et al. unpublished data) . Therefore, we may not exclude the possibility that D. prasina larvae attack prey not only for covering their nutritional needs but also for the formation of their trash packages. In other trash carrier species such as Chrysopa slossonae Banks much effort is given in camoußaging themselves with trash, whereas others such as Chrysopa quadripunctata Burmeister defend themselves by staying more time motionless (Milbrath et al. 1993) . The possibility that inherent mechanisms have forced D. prasina larvae to attack prey not only for covering their nutritional needs but also for the formation of their trash packages cannot be excluded. However, these mechanisms seem not sufÞcient to explain the recorded high predatory capacity of D. prasina.
Our study has shown that the preimaginal developmental and generation times of D. prasina are much longer than the respective times for aphids. Aphid colonies are present on a crop for a relatively short period, usually less than a mo (Hemptinne and Dixon 1997) . As a consequence, if the eggs of D. prasina are laid late in the development of an aphid colony then hatching larvae will be confronted with prey scarcity. Furthermore, the short-lived aphid colonies may undergo rapid changes in their densities because of individual or combined actions of natural enemies, deterioration of host quality or climatic changes (Agarwala et al. 2001) . The aphid numbers used in the current study were chosen so as to represent either low to intermediate aphid population densities occurring early in the Þeld or higher ones as those during outbreaks or aggregation events.
In the current study, the highest tested aphid availability resulted in increased preimaginal developmental rate, survival, as well as in longevity and egg production. We may assume that satiation in prey availability levels were reached because the highest available prey number of 110 aphids per day was sufÞcient for covering the food requirements even for third instar which was the most voracious. Furthermore, at higher prey numbers the increase in the estimated values of intrinsic rate of population increase is indicative of the increased consumption rates.
Low aphid availability as it may occur in a Þeld crop in early spring after a recent invasion of aphids or after a severe decrease in their populations was proven to be adequate for sustaining the development and reproduction of D. prasina. Chrysopid females generally lay their eggs mainly near places where their prey (such as aphids) has been present (Duelli 1984) . In addition, oviposition behavior and feeding habits of different chrysopid species seem to be correlated to the larval ability to withstand food scarcity (Tauber et al. 1991) . Adults of Chrysoperla species are not predacious and egg laying may not be strictly associated to the location of the larval food (Duelli 1984) . Furthermore, Chrysoperla larvae are relatively efÞcient at surviving prey scarcity (Tauber et al. 1991 ). By contrast, there are species-speciÞc differences in oviposition behavior in predacious Chrysopa adults that determine the larval ability to obtain food (Tauber et al. 1991) . For D. prasina it is not known whether the distribution of eggs is related with the presence of aphid prey. Females are not predacious and in periods of prey scarcity the minimal food requirements may be of importance for larval survival although they could feed on various alternative foods such as extraßoral nectar and honeydew (Pappas et al. 2007; M.L.P. et al. unpublished data) . The current study revealed that the availability of a favorable larval prey such as M. persicae (Pappas et al. 2007 ) affects prey consumption, development and reproduction of D. prasina and thus may have an important impact on biological control. The presence of this indigenous predator in agroecosystems is important in suppressing incipient outbreaks of aphid populations. However, in the current study larvae were restricted in a conÞned space and offered substratefree prey individuals at constant numbers under controlled conditions of temperature and relative humidity. Therefore, further studies are required to evaluate the potential of D. prasina to suppress aphid populations under various Þeld ecosystem constraints.
